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LASER MACHINING APPARATUS AND 
NIETHOD OF SETTING FOCUS THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to the ?eld of laser 

processing. and. in particular to a system in which a laser 
machining apparatus automatically performs focus position 
detection as a required preparatory operation to perform 
laser machining. stores detected data in a memory. and 
automatically performs focus position determination. 

2. Description of the Background Art 
A two-dimensional laser machining apparatus has been 

employed to cut a plate workpiece in contactless relation at 
a high speed and with a high accuracy. The two-dimensional 
laser machining apparatus controls a machining head along 
X. Y and Z axes. and cuts a workpiece using a laser beam 
which is introduced from a laser oscillator and outputted 
from the tip of the machining head. Usually. from a machin 
ing quality point of view. it is desirable that the laser beam 
be focused on the surface of the workpiece. so that when the 
workpiece is cut using the laser beam. it is necessary to 
perform a focus setting operation distinct from the actual 
machining operation. During actual machining. based on the 
height of the machining head determined by the focus 
setting operation. a height detecting sensor is mounted to the 
tip of the machining head. and machining is performed by 
following the outline of the workpiece so as to keep constant 
the distance from the tip to the workpiece by using the 
detecting sensor. 
With reference to FIGS. 8 and 9. the general con?guration 

of a two-dimensional laser machining apparatus will be 
explained hereinafter. Numeral 1 indicates a machining head 
which is mounted for movement along a Z axis 10. Numeral 
2 indicates a distance sensor which functions as a focus 
detection means and is mounted on the tip of the machining 
head 1. Numeral 11 indicates a Z axis guide which guides the 
movement of the machining head 1 driven by the motor M3 
in the direction of arrow Z; numeral 12 a Y axis guide which 
guides the movement of the machining head 1 driven by the 
motor M2 in the direction of arrow Y; and numeral 13 an X 
axis guide which guides the movement of the machining 
head 1 driven by the motor M1 in the direction of arrow X. 
The motors M1 through M3 are driven by a drive signal M 
from an NC (numerical control) control section 15. and 
controlled in such a manner that the spot of a laser beam L 
follows a machining line K according to a machine 
processor. while the distance from the machining head 1 to 
a workpiece W is kept constant In order to keep constant the 
distance from the machining head 1 to the workpiece W. the 
distance sensor 2 mounted on the tip of the machining head 
1 measures the distance between the workpiece W and the 
machining head 1. and feeds back a measuring signal to the 
NC control section 15. thereby ?nally controlling the spot of 
the laser beam L. Connected to a control section 16 is a local 
operation box 17 which is used at the time of focus position 
detecting and the like. Numeral 18 indicates a laser oscillator 
for outputting the laser beam; and numeral 19 a machining 
apparatus body comprising the three guides for the X. Y and 
Z axis directions. 

Generally. the method used for focus detection is such that 
a weak laser beam irradiates the workpiece. and a blue 
?ame. derived from a plasma state occurring when the focus 
of the laser beam is placed on the surface of the workpiece. 
is visually monitored. In that method. the machining head 1 
is allowed to move back by manual operation to widen the 
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2 
distance between the tip of the machining head and the 
workpiece installed on a machining table so that the tip of 
the machining head 1 does not interfere with the workpiece 
during a focus position detecting operation. Thereafter with 
a focusing program. the machining head is moved relatively 
and parallel to the workpiece while the laser beam iiradiates 
the workpiece. and an operator ?nely moves only a lens in 
the machining head in the plus and minus directions of the 
Z axis by using the local operation box 17. whereby the blue 
?ame. produced by the plasma occurring near the focus 
position. is visually monitored. 
By using the local operation box of the two-dimensional 

laser machining apparatus.‘ the operator can input the lens 
height for which the blue ?ame is found. as the height of the 
lens when focused. thereby setting the focus position. 

After the focus position has been set. the two-dimensional 
laser machining apparatus is operated. while keeping the 
just-focused lens position found by said monitoring and 
setting operations. and the height of the machining head is 
adjusted by manual operation so as to provide the proper 
distance between the machining head and the workpiece. 

FIG. 10 is a ?owchart showing the steps of a conventional 
blue ?ame monitoring operation. In order to perform the 
operation to monitor the blue ?ame. after moving back the 
machining head. the workpiece (or test piece) W is installed 
on the machining table 14 to determine a focus (S101); the 
distance between the tip of the machining head and the 
workpiece W is adjusted so that the tip of the machining 
head 1 does not interfere with the workpiece or test piece W 
during the focus position detecting operation (S102); and a 
program for determining focus is read in the control section 
15 (S103). Thereafter. according to the program operation 
performed by the program for determining focus. the 
machining head is moved relatively to the workpiece while 
keeping a constant distance between them (S104); and the 
laser beam L is irradiated (S105); whereby. while moving 
the machining head in the Z axis using the local operation 
box 17 (S106). occurrence of the blue ?ame is monitored by 
the operator (S107). 

FIG. 11 is a ?owchart showing the steps of a conventional 
focus position setting operation. The blue ?ame is monitored 
(S201); whether the blue ?ame occurs properly is checked 
(S202); and the operator inputs the height of the current 
position. when the blue ?ame properly occurs. as the proper 
focus height of the machining head. into the control section 
16 of the laser machining apparatus (S203). When a proper 
blue ?ame does not occur in S202. using the local operation 
box. the machining head is moved along the Z axis up and 
down (S204). and the operation beginning with S201 is 
repeated. 

FIG. 12 is a ?owchart showing a conventional focusing 
operation. After the distance between the machining head 
and the workpiece is widened in S101 shown in FIG. 10. the 
blue ?ame occurring is monitored by the operator (S301); 
whether the blue ?ame occurs properly is checked ($302); 
the operator inputs the height of the current position. as the 
height of the proper focus machining head. into the control 
section of the laser machining apparatus (S303); and the 
widened distance between the machining head and the 
workpiece is adjusted to a proper state (S304). Where a test 
piece has been used in the above focusing operation. the test 
piece on the machining table is replaced with the workpiece 
to start an actual machining operation. Where the above 
focusing operation has been performed using the workpiece. 
after completion of the above operation. an actual machining 
operation is started in that condition. 
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Conventionally. the distance between the machining head 
and the workpiece being cut is controlled by a contactless 
sensor mounted on the tip of the machining head as dis 
closed in Japanese Laid-Open Patents SHO64-78691 and 
SHO64-78692. 
The former reference discloses a laser machining appa 

ratus which includes a contactless gap sensor. sampling 
command/drive means and a sampling data storage circuit. 
wherein. while a machining head is moved away from a 
reference position from a workpiece in an increment of a 
speci?ed amount by performing a sampling command with 
the command means. an output value of the gap sensor is 
stored in the data storage circuit. whereby the gap sensor 
output value is controlled in a manner to become the stored 
data value corresponding to the command gap from a control 
section. 

The latter reference discloses a laser machining apparatus 
which includes machining head check means. reference 
output setting means and machining head good/bad judg 
ment means. wherein a machining head is automatically 
positioned at a check reference position by being given a 
check command. and a sensor output is measured. whereby 
the position of the machining head is judged by whether the 
value is within a predetermined reference output or not. 
Another device. in which the tip of a machining head is 
provided with a contactless sensor. and which relates to the 
control that controls the distance between a workpiece and 
a machining head during teaching based on a height set in a 
control panel. is disclosed in Japanese Laid-Open Patent 
SHO6l-165288. 
None of the above-mentioned three conventional devices 

provide continuous monitoring and recording of blue ?ame. 
and processing of the data to calculate a focus position. 

Although in the blue ?ame monitoring operation in con 
ventional art a laser beam irradiates a workpiece. and an 
operator ?nely moves a machining head in the Z direction 
using a local operation box such that the workpiece and the 
machining head are allowed to move relatively to each other 
at a certain speed. whereby the operator visually monitors 
the occurrence of the blue ?ame produced by plasma occur 
ring near the just-focused position. there has been a problem 
that the monitoring is too complex. Another problem is that 
the occurrence of the blue ?ame as detected by the moni 
toring operation cannot be continuously stored. so that the 
operator must frequently perform the focus position detec 
tion for each monitoring operation to input a current Z axis 
value through a control section. 

Still another problem is that the conventional art focusing 
is performed by an operator, whereby the detected focus 
position depends on the degree of sldllfulness of the 
operator. and also whereby the determination of focus 
position requires non-productive time not accompanied by 
actual machining. Another problem is that a proper focus 
position is di?icult to determine. whereby a proper focusing 
cannot be performed. thereby providing a poor machining. 

SUMMARY OF THE INVENTION 

One aspect of the invention may be summarized as 
follows: 

The method of setting the focus of a laser machining 
apparatus. comprising the steps of: 

(1) reading a program for setting the focus of the laser 
beam on a workpiece (FIG. 3-812); 

(2) irradiating the workpiece with the laser beam accord 
ing to said program for setting the focus (FIG. 3-S14); 
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4 
(3) moving a machining lens relative to the workpiece 

while keeping constant the distance between the machining 
head and the surface of the workpiece (FIG. 3-815); 

(4) detecting information regarding the relative distance 
between said machining lens and said workpiece (FIG. 
3-817); 

(5) judging that the laser beam has focused on the 
workpiece when the detected relative distance information 
has exceeded a predetermined range (FIG. 3-818); and 

(6) storing the position information of the machining lens 
at the time when it is judged that the laser beam has focused 
on said workpiece (FIG. 3-820). 
A laser machining apparatus in connection with a second 

aspect has an oscillator. a machining lens which is movably 
mounted in a machining head and directs a laser beam 
outputted from the oscillator onto a workpiece, and focus 
detection means for detecting a focus of the machining lens. 
wherein the machine has focus information storage means 
for storing the information outputted by the focus detection 
means. . 

A laser machining apparatus in connection with a third 
aspect has an oscillator. a machining lens which is movably 
mounted in a machining head and directs a laser beam 
outputted from said oscillator onto a workpiece. and focus 
detection means for detecting a focus of the machining lens. 
wherein said machine has focus information storage means 
for storing the information outputted by the focus detection 
means. and position information storage means for storing 
the position information of the machining lens. 
A laser machining apparatus in connection with a fourth 

aspect has an oscillator. a machining lens which is movably 
mounted in a machining head and gathers a laser beam 
outputted from said oscillator on a workpiece. and focus 
detection means for detecting a focus of the machining lens. 
wherein said machine has machining lens position inforrna 
tion processing means for determining a machining lens 
position at which focusing is suitable. from the information 
outputted by the focus detection means. 
A laser machining apparatus in connection with a ?fth 

aspect has a composition such that the laser machining 
apparatus of the ?rst or second aspect has focus interval 
detection means for detecting an interval of focusing is 
suitable. from the information outputted by the focus detec 
tion means, and machining lens position information pro 
cessing means for determining the machining lens position 
at each of starting and ending points of said interval. 
A laser machining apparatus in connection with a sixth 

aspect has a composition such that the laser machining 
apparatus of the ?fth aspect has focus position calculation 
means for calculating the focus position of said machining 
lens based on the two positions determined by the machining 
lens position detection means. 
A laser machining apparatus in connection with a seventh 

aspect has a composition such that the focus detection means 
of the laser machining apparatus of the second through sixth 
aspects detects a blue ?ame occurring when the focus of the 
laser beam is placed on the surface of the workpiece. 
The laser machining method in connection with the ?rst 

aspect improves machining accuracy and therefore product 
quality. 
The laser machining method in connection with the 

second aspect enables the focus information to be stored. 
The laser machining method in connection with the third 

aspect enables the focus information and the machining lens 
position information to be stored simultaneously. 
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The laser machining method in connection with the fourth 
aspect enables the machining lens focus position to be 
determined. 
The laser machining method in connection with the ?fth 

aspect enables the machining lens position suitable for 
machining to be determined. 
The laser machining method in connection with the sixth 

aspect enables the machining lens focus position to be 
determined with a higher accuracy. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a perspective view of a laser machining appa 
ratus system as an embodiment of the ?rst through third 
aspects. 

FIG. 2 is a schematic diagram of a focus setting equip 
ment of a laser machining apparatus as an embodiment of 
the ?rst through third aspects. 

FIG. 3 is a ?owchart of a focus setting operation of a laser 
machining apparatus as an embodiment of the ?rst through 
third aspects. 

FIG. 4 is a graph showing the relationship between sensor 
output and machining lens position data recorded by a laser 
machining machine as an embodiment of the ?rst through 
third aspects. 

FIG. 5 is a perspective view of a laser machining appa 
ratus system as an embodiment of the fourth through sixth 
aspects. 

FIG. 6 is a schematic diagram of focus setting equipment 
of a laser machining apparatus as an embodiment of the 
fourth through sixth aspects. 

FIG. 7 is a ?owchart of a focus setting operation of a laser 
machining apparatus as an embodiment of the fourth 
through sixth aspects. 

FIG. 8 is a block diagram of a two-dimensional laser 
machining apparatus. 

FIG. 9 is a perspective view of a two-dimensional laser 
machining apparatus. 

FIG. 10 is a ?owchart showing the steps of a conventional 
blue ?ame monitoring operation. 

FIG. 11 is a ?owchart showing the steps of a conventional 
focus position setting operation. 

FIG. 12 is a ?owchart showing the steps of a conventional 
focusing operation. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Embodiment 1 
FIG. 1. which shows an embodiment of the ?rst through 

third aspects. is a perspective view of a two-dimensional 
laser machining apparatus monitoring a plasma state. 
Numeral 1 indicates a machining head; numeral 2 a capaci 
tance type distance sensor; numeral 10 a Z axis unit capable 
of moving the machining head in the Z axis direction; 
numeral 14 a machining table; numeral 19 a machining 
apparatus body; numeral 15 a control section of the machin 
ing apparatus body 19; numeral 17 a local operation box 
connected to the machining apparatus body 19; and numeral 
5 a data monitoring section which monitors continuously 
with time both the output processed in a sensor processing 
section for processing a sensor output obtained by the 
distance sensor 2. and the current value of a machining lens‘ 
sequentially varying and obtained by a machining lens drive 
mechanism 4. ' 

FIG. 2 is a view showing the details of focus setting 
equipment of the laser machining apparatus of FIG. 1. In 
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6 
FIG. 2. numeral 3 indicates a sensor processing section for 
processing a sensor output “h” obtained by the distance 
sensor 2; and numeral 4 indicates the machining lens drive 
mechanism for driving a machining lens 9. Numeral 5 
indicates the data monitoring section which monitors con 
tinuously with time both the output processed in the sensor 
processing section 3 and the current value of the machining 
lens sequentially varying and obtained by the machining 
lens drive mechanism 4. and includes a position information 
storage subsection 5b for storing a position information “6” 
from the machining lens drive mechanism 4 and a position 
information storage subsection 5a for storing an output from 
the sensor processing section therein. Numeral 15 indicates 
an NC control section; and numeral 6 indicates a machining 
lens drive control section. 

FIG. 3 is a ?owchart of an automatic focus data recording 
of the laser machining apparatus shown in FIG. 2. Based on 
FIGS. 2 and 3. the operational steps of the automatic focus 
data recording will be explained hereinafter. A workpiece is 
installed on the machining table 14 in the workpiece W 
installing step S11; a program for determining focus is called 
in the program calling step S12; and. while according to the 
program called in step S12 the machining head is moved 
relatively to and kept at a certain distance from the installed 
workpiece W in the program-run operational step S13. a 
laser beam L having an output speci?ed by the program 
called in step S12 irradiates the workpiece W (S14). At this 
point. while the laser beam L is irradiating the workpiece. 
the machining lens is allowed to move up and down by the 
machining lens drive mechanism 4 (S15) to monitor sensor 
information and machining lens position information (S16. 
S17). While the above operations are being performed. the 
occurrence of a blue ?ame is monitored (S18). and if the 
blue ?ame occurs. the sensor output and the machining lens 
position information are respectively recorded with time in 
the information storage subsections 5a and 5b shown in FIG. 
2 (S19. S20). If the blue ?ame does not occur. the operation 
is returned to step S15. where the machining lens is again 
allowed to move up and down. thereby monitoring for 
occurrence of the blue ?ame. The NC control section 15 
controls the lens drive control panel 6 using the data of the 
information storage subsections 5a and 5b. 

FIG. 4 shows a relationship between the sensor output 
data and the position data of the machining lens 9 recorded 
by the laser machining apparatus of an embodiment of the 
?rst through third aspects of the invention. The machining‘ 
head 1 moves from the position 1A. through 1B. to 1C in 
parallel with the workpiece W at a certain speed while 
keeping a certain height above the workpiece. The machin 
ing lens 9 is moved in the Z axis direction interlocking with 
the movement of the machining head 1. When the focus of 
the laser beam L approaches a just-focused position on the 
surface of the workpiece W. a blue ?ame occurs by the 
plasma occurring by the micro laser beam L irradiated to the 
workpiece W (for interval between t1 and t2). This state is 
read in the sensor processing section 3 as the sensor output 
obtained by the distance sensor 2 mounted to the tip of the 
machining head 1. and both the read data and the current 
position of the machining lens 9. driven by the machining 
lens drive mechanism 4. are read continuously with time to 
record. Where the machining state becomes bad because of 
an external cause during actual machining. the position data 
of the machining lens 9 within the blue ?ame occurring 
interval (t1 to t2) is fetched from the focus information 
storage subsection 5a and the lens position information 
storage subsection 5b of the focus setting equipment. and the 
position of the machining lens 9 when just focused is 
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determined. whereby the machining lens 9 is again moved to 
the just-focused position to restart the machining. ' 
Embodiment 2 

FIG. 5. which shows an embodiment of the fourth through 
sixth inventions. is a perspective view of a two-dimensional 
laser machining apparatus for determining a plasma state. 
Numeral 1 indicates a machining head; numeral 2 a 
capacitance-type distance sensor; numeral 10 a Z axis unit 
capable of moving the machining head in the Z axis direc 
tion; numeral 14 a machining table; numeral 19 a machining 
apparatus body; numeral 15 a control section of the machin 
ing apparatus body 19; numeral 17 a local operation box 
connected to the machining apparatus body 19; and numeral 
7 a data processing section which records continuously with 
time both the output processed in a sensor processing section 
3 for processing a sensor output obtained by the distance 
sensor 2. and the current value of a machining lens sequen 
tially varying and obtained by a machining lens drive 
mechanism 4 and processes the data. 

FIG. 6 is a view showing the details of focus setting 
equipment of the laser machining apparatus of FIG. 5. In 
FIG. 6. numeral 3 indicates a sensor processing section for 
processing a sensor output “h” obtained by the distance 
sensor 2; and numeral 4 indicates a machining lens drive 
mechanism for driving a machining lens 9. Numeral 7 
indicates a data processing section. which determines the 
position of the machining lens 9. when just focused. from 
both the position information of the machining lens and the 
sensor output. and includes: a blue ?ame occurrence start/ 
end time-detecting subsection 7a for detecting the start time 
t1 and the end time t2 of a blue ?ame occurrence interval; 
a machining lens position information processing subsection 
7b for determining machining lens position data 61. 52 at the 
two times (t1, t2) by a signal outputted from the time 
detecting subsection 7a when the blue ?ame occurs or ends, 
and a focus-position calculating subsection 70 for calculat 
ing an optimum focus position based on the two position 
data 51. 82. Numeral 15 indicates an NC control section; and 
numeral 6 indicates a machining lens drive control section. 

FIG. 7 is a ?owchart showing the operational steps of the 
laser machining apparatus of an embodiment of the fourth 
through sixth aspects of the invention. Based on this ?ow 
chart and FIG. 6, the operation of the machine of an 
embodiment of the fourth through sixth aspects of the 
invention inventions will be explained hereinafter. The sen 
sor output data and the position data of the machining lens 
9 in FIG. 6 are read in step S21; and the blue ?ame 
occlnrence start time t1 and the blue ?ame occurrence end 
time t2 are determined by the blue ?ame occtn'rence start/ 
end time detecting subsection 7a in the data processing 
section 7 in step S22. Then. the signal from the blue ?ame 
occurrence start/end time detecting subsection 7a is 
received. whereby the position data 51 and 52 of the 
machining lens 9. which correspond to the times t1 and t2. 
are determined from the occurrence interval by the machin 
ing lens position information processing subsection 7b in the 
data processing section 7 (S23. S24); and the position 6 of 
the machining lens 9 when just focused is calculated from 
the two positions of the machining lens 9 by the focus 
position calculating subsection 70 in the data processing 
section 7 (S25). The calculated position of the machining 
lens 9 when just focused is instructed through the NC control 
section to the machining lens drive control panel. whereby 
the machining lens 9 is moved. in a manner to reach the 
just-focusing state. by the machining lens drive mechanism 
4 (S26). 

In the blue ?ame occurrence start/end time detecting 
subsection 7a, if a variation of the sensor output data 
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exceeds a threshold limit value. a blue ?ame is judged to 
occur. That is. a time when the sensor output state turns from 
a steady one to an unsteady one is recognized to be the time 
of the start of blue ?ame occurrence; and a condition that the 
threshold limit value is reversely exceeded. that is. a time 
when the sensor output state turns from an unsteady one to 
a steady one is recognized to be the time of the end of blue 
?ame occurrence. The output data is recorded continuously 
with time. so that the blue ?ame occurring time can also be 
determined by the blue ?ame occurrence start time t1 and the 
blue ?ame occurrence end time t2. 

In the focus position calculating subsection 70, the posi 
tion 5 of the machining lens 9 when just focused is deter 
mined by the following arithmetic equation (S26). 

Generally. 6 is represented by the following equation: 

provided that m and n are coe?icients varying with the 
machining method. For example. where m=l. and n=l. 6 is 
determined by the following equation: 

Although the above embodiments have shown the focus 
ing operation using a workpiece. a test piece may be used in 
place of the workpiece. in which case. after completion of 
the focusing operation. the test piece on the machining table 
needs only to be replaced with the workpiece. In the above 
description. the distance sensor 2 has been shown as a 
capacitance type but is not limited to that type. and sensors 
of other types capable of checking the occurrence of blue 
?ame may be used. For example. an optical sensor. a 
magnetic sensor and the like may be used. Although in the 
above description. the present invention has been described 
in case where it is loaded into an equipment other than a 
control one and utilized for a two-dimensional laser machin 
ing apparatus. it will be appreciated that the present inven 
tion can be incorporated into. for example. the NC control 
equipment of a two-dimensional laser machining apparatus. 

According to the present invention as previously 
described. the focus posiu'on detection can be performed in 
a short time regardless of the skill of an operator. and the 
focus position can be determined uniquely. so that the 
present invention has the e?‘ect of reducing poor machining 
caused by an error in ?ne focus position setting by an 
operator. 
What is claimed is: 
1. A method of setting a focus of a laser machining 

apparatus having a machining lens which focuses a laser 
beam and is moveably mounted in a machining head. said 
method comprising the steps of: 
moving the machining lens relative to a workpiece while 

maintaining a constant distance between the machining 
head and a surface of the workpiece; 

detecting information indicative of a relative distance 
between the machining lens and the workpiece; 

determining that the laser beam has focused on the 
workpiece when the detected relative distance infor 
mation exceeds a predetermined range; and 

storing the detected relative distance information at a time 
when it is detennined that the laser beam has focused 
on the workpiece. 

2. A method as claimed in claim 1. further comprising 
steps of: 
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reading a computer program for setting the focus; and 
irradiating a surface of the workpiece with the laser beam 

according to said program. 
3. A laser machining apparatus comprising an oscillator, 

a machining lens which is movably mounted in a machining 
head and focuses on a workpiece a laser beam outputted 
from said oscillator. and focus detection means ?xedly 
secured to said machining head for detecting a focus of the 
machining lens and for outputting corresponding focus 
information. wherein said machining lens is independently 
movable relative to said focus detection means. and wherein 
said apparatus comprises focus information storage means 
for storing the focus information outputted by said focus 
detection means. 

4. A laser machining apparatus as de?ned in claim 3. 
wherein the focus detection means detects a blue ?ame 
occurring when the laser beam is focused on a surface of the 
workpiece. 

5. A laser machining apparatus comprising an oscillator. 
a machining lens which is movably mounted in a machining 
head and focuses on a workpiece a laser beam outputted 
from said oscillator. and focus detection means ?xedly 
secured to said machining head for detecting a focus of the 
machining lens and for outputting corresponding focus 
information. wherein said machining lens is independently 
movable relative to said focus detection means. and wherein 
said apparatus further comprises focus information storage 
means for storing the focus information outputted by said 
focus detection means. and position information storage 
means for storing information indicative of a position of said 
machining lens. 

6. A laser machining apparatus as de?ned in claim 5. 
wherein the focus detection means detects a blue ?ame 
occurring when the laser beam is focused on a surface of the 
workpiece. 

7. A laser machining apparatus as de?ned in claim 5. 
wherein said machine comprises focus interval detection 
means for detecting a time interval. during which focusing 
is suitable. from the information outputted by the focus 
detection means. and machining lens position information 
processing means for determining a position of the machin 
ing lens at each of starting and ending points of said time 
interval. 
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8. A laser machining apparatus as de?ned in claim 7. 

wherein said machine has focus position calculation means 
for calculating the focus position of said machining lens 
based on the two positions determined by the machining lens 
position information processing means. 

9. A laser machining apparatus as de?ned in claim 7. 
wherein the focus detection means detects a blue ?ame 
occurring when the laser beam is focused on a surface of the 
workpiece. 

10. A laser machining apparatus having an oscillator. a 
machining lens which is movably mounted in a machining 
head and focuses on a workpiece a laser beam outputted 
from said oscillator. and focus detection means ?xedly 
secured to said machining head for detecting a focus of the 
machining lens and for outputting corresponding focus 
information. wherein said machining lens is independently 
movable relative to said focus detection means. and wherein 
said apparatus further comprises machining lens position 
information processing means for determining. based on the 
information outputted by the focus detection means. a 
machining lens position at which focusing is suitable. 

11. A laser machining apparatus as de?ned in claim 10. 
‘wherein the focus detection means detects a blue ?ame 
occurring when the laser beam is focused on a surface of the 
workpiece. 

12. A laser machining apparatus as de?ned in claim 10. 
wherein said machine comprises focus interval detection 
means for detecting a time interval. during which focusing 
is suitable. from the information outputted by the focus 
detection means. and machining lens position information 
processing means for determining a position of the machin 
ing lens at each of starting and ending points of said time 
interval. 

13. A laser machining apparatus as de?ned in claim 12. 
wherein the focus detection means detects a blue ?ame 
occurring when the laser beam is focused on a surface of the 
workpiece. 

14. A laser machining apparatus as de?ned in claim 12. 
wherein said machine has focus position calculation means 
for calculating the focus position of said machining lens 
based on the two positions determined by the machining lens 
position detection means. 
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